Abstract. Wetland restoration is increasingly used as a strategy both to address historical wetland losses and to mitigate new wetland impacts. Research has examined the success of restored wetlands for avifaunal habitat, plant biodiversity, and plant cover; however, less is known about soil development in these systems. Soil processes are particularly important as soil organic matter (SOM), cation exchange capacity (CEC), and other properties are directly linked to wetland functions such as water quality improvement. This research compared soil development processes and properties of 30 palustrine depressional wetlands of four different age classes (;5, 14, 35, and 55 years since restoration) located in central New York (USA). Five natural wetlands were used as references. This chronosequence included wetlands 27 years older than previously conducted studies, making it the longest reported database available. Replicated soil cores from each site were analyzed for SOM, bulk density (D b ), CEC, and concentrations of nutrients and other chemical constituents. Decomposition rate and aboveground plant and litter biomass were measured as key contributors to soil development. The results indicate that some soil properties critical for water quality functions take decades or centuries to reach natural reference levels. Of particular importance, in the top five centimeters of soil, SOM, D b , and CEC achieved ,50% of reference levels 55 years after restoration. Soil development processes in these depressional wetlands appear to be driven by autochthonous inputs and by internal processes such as litter decomposition and are not accelerated in the initial phase of development by allochthonous inputs as has been documented in coastal salt marshes and riverine floodplains. While monitoring generally focuses on the initial establishment phase of restored ecosystems, our findings indicate that the later autogenic phase strongly influences development trajectories for important wetland soil properties. Therefore, the role of different successional phases in determining long-term trajectories of ecosystem development should be considered in restoration design, research, and monitoring. This research highlights areas for improving the field of restoration through understanding of successional processes, increased efforts to jump-start soil development, longer-term monitoring programs, and greater focus on soil components of restored wetlands.
INTRODUCTION
The past three decades of ecological research have seen increasing focus on application of ecological knowledge to solve environmental problems. One test of our ecological knowledge is its application to creating new or restoring damaged ecosystems (Bradshaw 1987) . Failed restoration projects hold the potential to expose gaps in our theoretical ecological framework. With thoughtful design and evaluation, restoration projects can be an opportunity to study the processes that drive ecosystem development, providing valuable insights into both restored and natural ecosystems (Callaway 2005) .
Much of restoration science is currently focused on evaluating patterns or trajectories of recovery, either by monitoring individual sites through time or comparing sites along a chronosequence of time since restoration (Kentula et al. 1993) . Trajectories are meant to summarize the rates of change for different biophysical parameters and, when compared with nearby natural reference sites, to provide a means of assessing progress. Successional processes are a major pathway in restoration ecology (Krebs 2001) , and succession theory for different ecosystem types also provides a useful framework for interpreting the observed recovery patterns (Odum 1969 , Connell and Slatyer 1977 , Grime 1977 , Trowbridge 2007 .
Millions of hectares of freshwater and saltwater wetlands are restored every year in recognition of the numerous ecosystem services they provide (National Research Council 2001, Zedler and Kercher 2005) , suggested to be worth more than $70 billion (U.S. dollars) worldwide (Schuyt and Brander 2004) , and the requirement that developers in the United States mitigate 1 E-mail: kab226@cornell.edu wetland losses under the Clean Water, National Environmental Policy, and Endangered Species Acts (Hoeltje and Cole 2007) . Knowledge about factors controlling recovery, however, is limited because few monitoring studies have continued for more than 3-5 years, and the few longer studies have limited overlap in the parameters being monitored (Turner et al. 2001, Zedler and Shabman 2001) . Without information about drivers and limitations of long-term development of restored wetlands, it is difficult to identify trends or confirm the success of these efforts. Synthesis of wetland restoration trajectories consistently suggests that the rates of return to reference levels are initially relatively rapid (less than a decade) for plant biomass and for wildlife usage, including waterfowl and invertebrates (Skelly et al. 1999 , Stevens et al. 2003 , Batzer et al. 2006 , Nedland et al. 2007 . Less attention has focused on the recovery of wetland soils. In a study of 50 mitigated wetlands, Shaffer and Ernst (1999) found few records documenting attention to soils in project design or construction. This is problematic given that soils provide the foundation for surface water and groundwater filtration, which in turn are essential for water quality ecosystem services (Mitsch and Gosselink 2000) . Soil organic matter (SOM), bulk density (D b ), and cation exchange capacity (CEC) are useful, costeffective, and straightforward indicators of a wetland's potential to carry out water quality functions (Hogan et al. 2004 ). Conflicting and inconclusive results from previous studies documenting rates of accumulation of SOM in restored wetlands reflect an important gap in our knowledge of how water quality functions develop in restored wetlands (e.g., Bishel-Machung et al. 1996 , Craft et al. 2003 . Short-term studies, mostly based on wetlands 10 years or less in age, have demonstrated no or slow rates of increase of SOM accumulation in restored wetlands (e.g., Tanner et al. 1998 , Stolt et al. 2000 , Cole et al. 2001 , Bruland and Richardson 2004a . Some studies indicate that restored and created wetlands may never develop SOM conditions comparable to those in natural reference wetlands (e.g., Moy and Levin 1991 , Bishel-Machung et al. 1996 , Minello and Webb 1997 .
Reports of little or no SOM accumulation in restored wetlands raise serious concerns about the overall efficacy of wetland restoration projects. Given the powerful contribution of SOM to wetland and terrestrial ecosystem health, it is critical that we increase our knowledge of its development in wetlands. Callaway (2005) states the need for improved overall understanding of restored wetland development over time, especially compared with natural reference marshes. In particular, research investigating the drivers and constraints of long-term soil development is critical for improving restoration techniques and the management of natural systems.
The primary goal of this research was to investigate wetland soil development over more than five decades, a longer time scale than previously reported. We examined soil and vegetative properties and decomposition rates in freshwater depressional wetlands of four different age classes spanning five decades, e.g., ;5, 14, 35, and 55 years since restoration, but with similar soil type, landscape position, and hydrologic regime.
Documenting key vegetative and soil characteristics over a chronosequence of five decades enabled us to evaluate development trajectories of fundamental ecosystem properties. We asked whether the rates of development of vegetative and soil properties vary at different phases of succession and at what rates wetland properties return to natural reference levels. We hypothesized that different properties follow different trajectories, with initial rates of vegetative development increasing faster than the development of soil properties. We expected a ''lag-time'' in soil development behind plant and litter development, with plant aboveground and litter biomass quickly increasing in the first 5-10 years, but this rate decreasing after initial plant reestablishment. Correspondingly, we hypothesized that the initial rate of SOM accretion would be slow, but would steadily increase with age across all depth levels as plant material accumulated and decomposed. Likewise, we hypothesized that D b would decrease with wetland age throughout the soil profile as SOM became mixed in with the mineral soil. We expected that the rate of decomposition would increase with wetland age, as has been documented in other studies (Atkinson and Cairns 2001) . As a result of SOM accumulation, we hypothesized that the soil's ability to capture nutrients would also increase, as indicated by greater CEC and a corresponding accumulation of soil nutrients through time.
METHODS

Study sites
The study was conducted in central New York, USA, in a chronosequence of 35 wetlands (Fig. 1) . These wetlands consisted of four age classes ranging from 3 to 55 years since restoration (3-5 yr [n ¼ 10], 10-14 yr [n ¼ 10], 30-35 yr [n ¼ 5], and 50-55 yr [n ¼ 5]). We compared wetland characteristics among the four age classes in order to determine rates of change of wetland properties over time. Five comparable natural wetlands were used as references (White and Walker 1997) . Sites were located on four soil types ranging in texture from a silt loam in the north to a gravely silt loam in the south. From north to south, these soil types were Darien, a silt loam; Honeoye, a loam; Mardin, a channery silt loam; and Chenango, a gravelly silt loam (Appendix A).
To control for differences in restoration methodologies, we took advantage of a unique system of restored wetlands in New York State. Between 1990 and 2005, the U.S. Fish and Wildlife Service's (FWS) Partners for Fish and Wildlife program restored 5872 hectares of wetland habitat and conducted 1179 restoration projects in a variety of topographic and climatic regions throughout New York State. Of these projects, 645 were restoration of Palustrine Emergent wetlands (Cowardin et al. 1979 ) and were considered as study sites for our research. Comparable preliminary data exist for every site, and each project was carried out by the same method and the same restoration practitioners.
In addition, we sampled a set of older complementary sites restored in April, 1949 (Reixinger 2002) .
For the purposes of our study, a site was considered acceptable for sampling if it met seven requirements, selected to minimize sources of variation that would influence soil properties: (1) the wetland was located on retired agricultural land on private property. Only wetlands on land that was previously drained were considered; (2) the wetland was between 0.2 and 5.0 ha in surface area; (3) the wetland was depressional and characterized as ''Palustrine Emergent'' with an open water center and adjacent wetland vegetation, based on Cowardin et al. (1979) ; (4) the wetland had at least 8 ha of drainage for each hectare impounded to ensure adequate water during dry seasons; (5) the wetland vegetation was dominated by Typha spp.; (6) the landowners agreed to leave the site undisturbed for the duration of the study; and (7) the wetland was within 100 kilometers of the City of Ithaca in central New York.
Field inventory
Within each wetland, we randomly selected three replicate plots in the permanently saturated vegetated zone from which to sample. Plots within the wetland were selected to have comparable surface water depths of ;30-45 cm at the time of sampling. This was done to minimize differences in hydrologic regimes, as other research has shown that duration and frequency of inundation can influence SOM levels (Fennessy and Mitch 2001 , Craft et al. 2002 , Bruland and Richardson 2004b .
We took one soil core (5.0 cm internal diameter and 15 cm deep) from each of the three replicate plots using a polyvinyl chloride (PVC) tube pounded into the sub- strate. Soil cores were cut into 5-cm sections (0-5, 5-10, and 10-15 cm depth) in the field. To quantify the associated vegetative community that would influence soil development and act as the primary source of litter contributing to organic matter accumulation, we collected a single 0.10-m 2 quadrat of standing plant biomass from each of the three plots per site. The plant and litter samples were paired with the soil cores to relate sources of organic material to observed soil properties. All litter within the same 0.10-m 2 quadrat was removed by hand down to the level of the cohesive substrate.
Litter decomposition
We used litter bags to quantify and compare the rates of decomposition between the different wetland age categories. Triple sealing with a heat sealer, we constructed 300 19.0 3 14.0 cm litter bags from 1.0-mm mesh plastic window screen and filled each bag with 10 g of dry Typha angustifolia. T. angustifolia leaves were collected from standing plants and cut into 10 cm lengths after drying and prior to weighing.
In each wetland, we installed three replicate litter bags per plot at the soil surface, held in place by a stake. Bags were installed when soil and plant biomass samples were collected from each site between 2 July and 11 September 2004. One control for each wetland site was placed in the wetland with the other bags, but immediately removed and weighed for determination of T. angustifolia lost in construction, transport, and placement. Experimental bags were removed at three times: 14 November 2004 (63-135 days after deployment) after fall plant senescence but pre-winter; 29 April 2005 (229-301 days after deployment) in early spring when there was still some ice on the water surface; and finally in 28 August 2005 (350-422 days after deployment) after a second full growing season. Each litter bag, soil section, and biomass sample was bagged separately in the field, placed immediately in an ice chest, and then stored at 48C until processing.
Laboratory analysis
Each soil core was analyzed for physical properties of bulk density (D b ), soil organic matter content (SOM), and chemical characteristics: pH, cation exchange capacity (CEC), exchangeable acidity, iron (Fe), aluminum (Al), manganese (Mn), phosphorus (P), potassium (K), magnesium (Mg), and calcium (Ca). Coarse materials larger than 2 mm diameter were removed from samples prior to analyses of SOM content, D b , and chemical properties.
Each sample was dried to constant mass at 658C, weighed, and passed through a 2 mm diameter mesh sieve. The sieved coarse material was weighed again and stored. Bulk density and SOM were measured separately for each depth category for each soil core. Bulk density was calculated using the air-dried mass of the soil after correcting for the moisture content (Blake and Hartge 1986) . SOM was determined by loss-on-ignition (Black 1965) .
Chemical analyses including pH, CEC, exchangeable acidity, Fe, Al, and nutrient analyses (P, K, Mg, Mn, Ca) were carried out on the 0-5 cm soil depth segment of every core. The available nutrients in the soil were extracted with Morgan's solution, a sodium acetate/ acetic acid solution, buffered at pH 4.8. Activated carbon was added to the extraction to aid in the removal of organic matter and to help decolorize the extraction solution. After vigorous shaking for 15 minutes at 180 rpm, the extraction slurry was filtered through a fineporosity filter paper. The clear filtrate was analyzed for K, Ca, Mg, Al, Mn, and Zn on an inductively coupled plasma spectrometer (ICP; Horiba Jobin Ivon, Edison, New Jersey, USA).
Cation exchange capacity was measured by replacing the exchangeable cations in the soil with ammonium ions from ammonium acetate at pH 7.0. After washing with isopropyl alcohol to remove excess ammonium acetate, the adsorbed ammonium ions were displaced by sodium chloride. The ammonium ions in the final extract were determined by an automated Nesslerization procedure. The initial ammonium acetate extract was analyzed for individual exchangeable cations via ICP. All extractions were performed using a mechanical vacuum extractor (Sumner and Miller 1996) .
Standing and litter biomass samples were oven dried at 658C to constant mass and weighed to the nearest 0.001 g.
Litter bags were hand sorted and washed gently to remove dirt, roots, and algae (Robertson et al. 1999) . Roots that had grown into the bags were separated, dried, and weighed. All samples were oven-dried to constant mass at 658C and weighed.
Statistical analysis
Statistical analysis was performed using S-PLUS version 6.2 (Spector 1994 , S-PLUS 2003 and SPSS version 13 (SPSS 1999) . First, all variables or indicator variables were used in a multivariate analysis to assess the significance of the relationships between predictors and responses. Then, in the cases of significant relationships, separate ANOVAs were conducted, by response, to determine significantly different pairs of means with respect to age categories, depths, and/or soil type.
RESULTS
Development of aboveground bulk density (D b ), soil organic matter (SOM), cation exchange capacity (CEC), plant biomass, and litter biomass each followed consistent yet distinct trajectories. The rate of development appeared to change over time for each property. Vegetative properties increased more rapidly in the first 10-14 years after restoration, then slowed substantially. In contrast, the rate of soil development was relatively slow in the first 14 years post-restoration but appeared to increase thereafter (Figs. 2-7) .
Among the four wetland age categories, D b decreased (P , 0.0001) and SOM increased (P , 0.0001) with increasing age. In contrast, D b increased with depth (P , 0.0001), while SOM decreased with depth (P , 0.0001). Soil type did not have a significant effect on the percentage of gravel in the soil (P ¼ 0.449), D b (P ¼ 0.507), or the SOM (P ¼ 0.638).
Bulk density ranged from 2.1 g/cm 3 in the youngest 3-5 year old restored sites to 0.2 g/cm 3 in the natural reference wetlands (Fig. 2) . Bulk density was nearly twice as high in all restored wetlands, including those 55 years old, as in their natural counterparts, averaging 1.10 g/cm 3 in the top 5 cm in restored wetlands aged 3-5 years, as compared with 0.30 g/cm 3 in the natural reference wetlands. Moreover, over time D b decreased more rapidly in the shallower soil and more slowly in the deeper soil.
Mean SOM of restored wetlands increased with time throughout the soil profile (Fig. 3) . These increases were greatest in the surface 0-5 and 5-10 cm layers and lowest in the 10-15 cm layer. However, in all restored wetlands, including those 50-55 years old, SOM levels were still less than one-half that of their natural counterparts. SOM averaged 6.2% in the top 5 cm in restored wetlands aged 3-5 years, as compared with 46.4% in the natural reference wetlands.
Soil chemical properties
Cation exchange capacity in the top 0-5 cm of the soil increased steadily with age (Fig. 6) . As with SOM, however, CEC levels were less than one-half the levels of natural reference wetlands 55 years after restoration. All chemical properties were affected by the age of the wetland (P between 0.000 and 0.001) except pH (P ¼ 0.388). Soil type did not have a significant effect on the levels of CEC (P ¼ 0.559). Exchangeable acidity and pH showed no particular trends.
Soil nutrients
Soil nutrients phosphorus (P), potassium (K), magnesium (Mg), and calcium (Ca) showed a steady increase with wetland age (P between 0.000 and 0.001). Iron (Fe), aluminum (Al), and manganese (Mn) showed no relationship with age (P ¼ 0.270, 0.118, 0.117, respectively). Soil type did not have a significant effect on the levels of K, Fe, Al, Mn, and Zn (P ¼ 0. 070, 0.102, 0.372, 0.122, 0.467, respectively) . Metals showed no particular trends with wetland age or soil type (Appendix B).
Aboveground plant biomass and litter
Aboveground live plant biomass (standing biomass) and litter biomass increased significantly with age of wetland (P , 0.001; Fig. 4 significant effect on either standing or litter biomass (P ¼ 0.124 and 0.507, respectively).
Litter decomposition
Time in wetland had a significant effect on the decomposition rates of litter in bags (P , 0.001). Decomposition rates were fastest in the first three months after placement, with the mass of litter decreasing by approximately one-half in all age categories (Fig. 5) . Subsequently, there were no significant differences in decomposition rate among collections or age classes, although there appeared to be a slight increase in rate over the summer months between April and August. Soil type, number of days in the wetland, and age of wetland did not have a significant effect on the decomposition rates of litter in bags (P ¼ 0.123, 0.243, and 0.314). Control litter bags maintained a mean of 96.29% of their original mass after transport to and from the wetland sites.
DISCUSSION
The results of this study of 30 restored depressional wetlands in New York represent the first documentation of wetland soil and plant developmental rates greater than five decades, making this the longest existing soil development database for freshwater wetlands. Our findings support previous research suggesting that rates of recovery of different properties follow different trajectories after restoration (Zedler and Callaway 1999 , Craft et al. 2003 , Spieles 2005 ; Figs. 2-7) . The longer view we present also shows that estimated rates of recovery for all parameters can be inaccurate if based on initial rates alone.
Different trajectories of wetland development have been hypothesized and/or documented, with initial rates of biomass and soil accumulation not always predicting levels found in older wetlands (Simenstad and Thom 1996) . To facilitate interpretation of our results in a broader context, we compiled tables of results from the relevant literature (Tables 1 and 2 ). Wetlands were organized by years since restoration and their hydrologic regime, enabling comparison of development trajectories for soil and plant properties in restored depressional, floodplain, and tidal wetlands. Despite different restoration methods and site conditions among the wetlands of the studies reviewed, overall plant and soil development trends were apparent within wetland properties (e.g., SOM, standing biomass) and wetland types (coastal, floodplain, depressional). This synthesis of wetland restoration studies suggests that a key factor driving the initial rate of recovery, or establishment phase, may be the degree of openness of each ecosystem and its connectivity with external sources, both abiotic (e.g., sediment, organic matter) and biotic (e.g., seeds, rhizomes). In more hydrologically open systems such as riverine or tidal marshes, external inputs of mineral sediment and organic particles may act to subsidize the restored wetland and accelerate recovery (Fennessy et al. 1994 , Morgan and Short 2002 . Salt marshes have twice daily inundation with a flow-through of water, sediment, organic matter, and other materials. High rates of soil development have been documented in salt marshes both immediately following restoration and one to two decades after restoration (Table 1) . At the other end of this continuum, depressional wetlands, such as the New York study sites, are generally small and relatively isolated, with small contributing watersheds and little or no overland flowthrough. Documented soil organic matter (SOM) accumulation is comparably slow (Table 1) .
In contrast to soil development, the rates of increase of plant biomass are initially high in both open and closed systems. It is logical that the external subsidy influencing initial rates of soil development in open wetland systems extends to inputs of seeds or vegetative propagules, thereby influencing initial rates of vegetative development. In the closed depressional wetlands of this study, the relatively rapid increase of plant biomass is likely explained by the predominance of wind-dispersed Typha spp. Studies show that the rates of colonization, plant establishment, and initial biomass accumulation are driven by residual pools of propagules in the seed bank and are augmented by seed input from outside the study area (van der Valk 1981 , Noon 1996 , Kellogg and Bridgham 2002 . Distance to a seed source and dispersal mechanisms are both critical factors affecting the diversity and regeneration in many wetlands and are therefore important considerations in restoration site selection (Schneider and Sharitz 1988, Battaglia et al. 2002) .
Our longer-term data suggest that after the initial establishment phase of successional development in closed systems such as the wetlands of this study, there is a later ''autogenic phase'' (Tansley 1935, Mitsch and Gosselink 2000) during which internal factors are the primary drivers of succession. After the initial, rapid phase of plant establishment, biophysical processes and their associated trajectories appear to determine recovery in associated trajectories. During this autogenic phase, the belowground roots and aboveground biomass are likely the primary drivers of subsequent soil development within the recovering system. Plant litter biomass is the primary raw material in closed systems with minimal external input contributing to autochthonous soil development and nutrient availability (Gambrell and Patrick 1978, Vargo et al. 1998 ).
Comparison of litter biomass across wetland age classes demonstrated a rapid return to reference levels, relative to soil properties. Because litter biomass is rarely reported in restored wetlands and the standards of measurement vary, there were few appropriate studies with which to compare these results. However, given the relatively quick recovery of standing plant biomass, it is not surprising that associated litter accumulation is also relatively rapid.
The processes that control conversion of litter into SOM are less clear. We originally hypothesized that decomposition rates would be higher in older restored and natural wetlands as a result of more established microbial and insect communities, but there were no differences among age classes. Perhaps saprotrophic communities are already well established within the first weeks, months, or years after restoration. Other studies comparing decomposition rates of restored systems to natural systems provide no clarification, with reports of restored rates both higher (Taylor and Middleton 2004) and lower (Atkinson and Cairns 2001) than older and natural reference rates (Table 1) .
Because decomposition rate may be a limiting factor controlling SOM buildup in restored wetlands, more research investigating decomposition processes is needed. Wetland plant litters differ in quality and recalcitrance, as measured by lignin : cellulose ratios, carbon : nitrogen ratios, and other properties (Hume et al. 2002) . Thus, differences in plant species composition influence differences in SOM quality and rates of decomposition and subsequent soil development (Atkinson and Cairns 2001) . More research on this topic would inform the choice of restoration plantings and soil amendments.
Internal litter accumulation is a critical control on the rates of SOM accumulation over time. Three-to five-year values of SOM were roughly equivalent to those reported in other studies of depressional wetlands FIG. 7 . Long-term trends of change based on mean values of data from this study. Rates of change differ among wetland properties.
FIG. 6. Cation exchange capacity (CEC; mean þ SE) in restored and natural wetlands. Bars designated with different letters were significantly different when the age category ''natural'' was excluded from analysis. When the age category ''natural'' was included in the analysis, differences between natural vs. restored wetlands (of all ages) were significant. (Table 1) . Although some short-term studies report no change in SOM with time (Bishel-Machung et al. 1996, Shaffer and Ernst 1999) , our results show that there was a significant increase in SOM throughout the soil profile after 35 years. One explanation for the discrepancy may be a slower rate of SOM accretion and distribution throughout the soil profile in the earlier years of wetland development (Fig. 7) . This lag time may occur because younger wetlands have not yet acquired the plant community and associated litter that are necessary for SOM accumulation. In our study, these soil-forming factors had increased to 73% (litter biomass) and 90% (standing biomass) of their natural reference levels by 35 years post-restoration. Plants in older wetlands also appear to have established larger root systems than those in younger wetlands, which penetrate the lower soil layers and seem to encourage the vertical distribution of SOM (K. Ballantine, unpublished data). These results suggest that the absence of significant SOM accretion over time reported in shorter-term studies may be a factor of insufficient time having elapsed for trends to emerge. Changes in bulk density (D b ) in the soil profiles mirror SOM development, with the density of the soil decreasing as SOM increases. In the youngest wetlands, average D b was .3.5 times greater than natural reference levels throughout the soil depth profile. This is likely a direct consequence of construction practices, during which heavy equipment compacts the subsoil after topsoil removal. The significant decreases in D b throughout the soil profile 14 years post-restoration may result from gradual root penetration and animal burrowing that loosened and mixed the soil.
Low SOM and high D b directly compromise a wetland's capacity to perform water quality ecosystem services, a functional goal for many restored wetlands (Boelter 1969, Rawls and Brakensiek 1989) . High D b limits groundwater flow-through (Dunne and Leopold 1978) and surface water contact with SOM, to which contaminants may be bound (Ponnamperuma 1972 , Kadlec and Knight 1996 , Pignatello 1998 and where there exists better conditions for denitrification, an important biogeochemical process responsible for nitrate reduction in groundwater (Groffman and Hanson 1997) . Although water quality was not examined directly, levels of cation exchange capacity (CEC), a proxy for water quality (Brady and Weil 2002, Austin 2006) , were less than one-half the level of natural reference wetlands 55 years after restoration. An associated increase in concentrations of nutrients suggested that the wetlands' ability to sequester nutrients did increase as hypothesized. However, our longterm soil development results suggest that 55 years postrestoration, restored depressional wetlands may not be performing the water quality functions of their natural counterparts.
The results presented here suggest that there is a sequential nature to the recovery of depressional wetlands, whereby rates of development during the later autogenic phase are influenced by the development of properties during the establishment phase. This generally applicable phenomenon can be used to inform restoration methodology. Variations in restoration methods, site management, disturbance, and climate and topography, as well as historical and initial conditions, may all place constraints on development in later successional phases (Zedler and Callaway 1999) . More information about these relationships is needed so that developmental trajectories can be developed into stronger predictive tools. In particular, soil development is a relatively slow process, which only appears to accelerate later in the successional recovery sequence. Soil processes are critical to overall wetland development, however, and particularly to achieving successfully functioning ecosystem services. Therefore, the development of soil parameters should be incorporated into restoration goals, project design, site construction, and long-term monitoring. In particular, changes in hydrologic regime, soil compaction, nutrient status, or habitat structure commonly associated with the construction phase may influence soil development processes years beyond project completion. Research investigating restoration practices that jump-start soil development trajectories toward the autogenic phase may improve functional success of restored wetlands by maximizing the potential for soil development.
Recent studies have begun to investigate the use of soil amendments during wetland construction to jumpstart soil development. Initial addition of topsoil has been shown to be an effective strategy for increasing biomass growth, CEC, soil moisture, water-holding capacity, P sorption and denitrification in nontidal freshwater wetland soils (Brown and Bedford 1997 , Burke 1997 , Jacinthe and Lal 2006 , Burchell et al. 2007 ). These limited studies of wetland amendments offer conflicting recommendations, however, and more information is needed concerning effective quantities, types of amendments, and whether the initial costs are worthwhile (Gibson et al. 1994 , Bendfeldt et al. 2001 .
Research investigating restoration practices that jumpstart soil development trajectories toward the autogenic phase may improve functional success of restored wetlands and increase our understanding of wetland development. Notes: The annual decomposition rate, k, was derived from the exponential decay formula, Àk ¼ ln(X/X 0 )/t, where X 0 is the dry mass initially present and X is the dry mass remaining at the end of the period of measurement; t is time in years (Brinson et al. 1981) . Where possible, measurements were converted to a common metric. Converted values and age-class means should be interpreted with caution as these are not the originally reported values.
Means were calculated using fewer than three values and therefore should be interpreted with caution.
